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Abstract 
This study presents that a development of the data-driven model for the real-time operation of drainage pump station 
and integrated unban flood inundation model with one-dimensional (1D) sewer system model and two-dimensional 
(2D) overland flow model that are improved the problems of the existing hydrology and hydrological model. The 
developed model was applied to Mapo drainage district to confirm adaptability for storm event of September 21, 
2010. 
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1. Introduction 
 The significance of real-time operation of drainage pump and warning system for inundation becomes recently 
increased in order to coping with runoff by high intensity precipitation such as localized heavy rain that frequently 
and suddenly happen. However existing operation of drainage pump station has been made a decision according to 
opinion of manager based on stage because of not expecting exact time that peak discharge occur in pump station. 
Therefore the scale of pump station has been excessively estimated. Although it is necessary to perform quick and 
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accurate inundation in analysis downtown area due to huge property damage from flood and typhoon, previous 
studies contained risk deducting incorrect result that differs from actual result owing to the diffusion aspect of flow 
by effect on building and road.  
2.  Application Model 
2.1. Data-driven Model 
Neuro-fuzzy has been used one of the tools for data-driven model in various fields including hydrologic time 
series forecasting, such as reservoir inflow forecasting, streamflow forecasting, typhoon flood forecasting and 
hydrologic time series analysis [1]. This study used data-driven model with Neuro-fuzzy for optimal operation of 
drainage pump station in urban area and Fig. 1 presents the flow chart of this study. 
2.2. Urban Flood Analysis Model 
In this study, two-dimensional (2D) flood inundation model [2] designed by finite volume method was combined 
with one-dimensional (1D) dynamic sewer system model in order to perform effectively real-time inundation 
analysis in urban area including numerous buildings and road. Fig. 2 demonstrates computational procedure of 
integrated urban flood inundation model with 1D sewer system model and 2D overland flow model.  
 
G
Fig. 1. Flow chart of this study.G
 
Fig. 2. Computational procedure of urban flood model. 
3. Application and Results 
3.1. Real-time Operation of Drainage Pump Station 
The auto correlation and cross correlation were analyzed due to search for lead time and the number of temporal 
input data. The various combinations of input data were constructed by using temporal input data such as rainfall 
and stage and spatial input data to select optimal combinations of input data for applying Neuro-Fuzzy model. Then 
accuracy of the model was estimated by MAE (Mean Absolute Error), RMSE (Root Mean Square Error), DC 
(Determination Coefficient), RPE (Relative Peak Error).  
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The optimal combination of solely temporal input data that composed of rainfall data at t-10(min) time, stage 
data at t-10 time, pump discharge data at t-10 time, the condition of water gate data at t-10 time were selected when 
current time is t time. Table 1 presents the model scenarios for combination of temporal input data for Neuro-fuzzy 
model and Fig. 3 shows the comparison of observed inter stage and predictions with Neuro-fuzzy model T1 (Table 1) 
at Bongwan, Mapo and Dagin stations. 
Considering spatial input data, the optimal combination of input data that composed of rainfall data, stage data, 
pump discharge at t-10(min) time and area, averaged slope, impervious. Based on optimal combination of input data, 
training and checking events are selected by using various flood events for applying Neuro-Fuzzy model in Mapo 
drainage area. Neuro-Fuzzy system for real time prediction about stage was developed by estimating the type and 
number of membership function. Based on forecasting stage, it was decided when pump machine begin to work and 
how much water scoop up by using penalizing genetic algorithm.  
For the verification of the model, the results of estimate stage from Neuro-Fuzzy model in Mapo drainage area 
were compared with the observation data and show that the mutational pattern of real time forecasting stage was 
similar to observed data with small errors and high determinate correlation. In case of the T10, a relative peak error 
turned out to be 0.02%, the determination coefficient come to 0.997. Consequentially, forecasting stage get 
improved results through other statistical indicators such as mean absolute error (0.017) and root mean square error 
(0.085). Also, penalizing genetic algorithm can not only drop maximum stage but can also avoid frequently 
repetition of pump operation. 
Table 1. Combination of temporal input data for Neuro-fuzzy model 
Model Inputs Remarks 
T1 R(t-10), I(t-10)  
T2 R(t-10), R(t), I(t-10)  
T3 R(t-20), R(t-10), R(t), I(t-10) R: Rainfall 
T4 R(t-10), G(t-10), I(t-10) I: Stage of inside detention 
T5 R(t-10), S(t-10), I(t-10) G: Flood gate 
T6 R(t-10), P(t-10), I(t-10) S: Stage of outside detention 
T7 R(t-10), S(t-10), G(t-10), I(t-10) P: Pump capacity 
T8 R(t-10), P(t-10), S(t-10), I(t-10)  
T9 R(t-10), P(t-10), G(t-10), I(t-10)  
T0 R(t-10), P(t-10), S(t-10), G(t-10), I(t-10)  
 
a 
 
b 
 
c  
 
Fig. 3. Results of inner stage estimation in Model 1 at (a) Bongwan, (b) Mapo and (c) Dagin. 
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3.2. Urban Flood Analysis 
The optimal pump operation from penalizing genetic algorithm is used as boundary conditions to simulate the 
two-dimensional inundation analysis in Mapo. Through calculating the goodness of fit, the accuracy of the model 
can be testified. The goodness of fit come to more than 70% and the simulated inundation area was in good 
agreements with the actual inundation area. 
In order to demonstrate for applicability of real time inundation analysis model, total computational time was 
additionally checked depending on cell size and simulated time interval. According to comparison with the actual 
inundation area, it revealed that results of smaller cell size model are better accurate and improved than those of 
bigger cell size but in term of real-time inundation forecasting are slower. Especially 10mx10m cell size was able to 
consider the effect on buildings and road. Synthetically considering accuracy and efficiency, 2D flood inundation 
model used 4mx4m cell size and simulated time interval below 0.5 second was suitable for real time inundation 
forecasting.  
Table 2. Goodness of fit between measured and estimated flood extent. 
Area Mapo Bongwon Dangin 
Measured Inundation Area (ha) 5.212 12.176 1.747 
Estimated Inundation Area (ha) 6.813 13.894 2.315 
Goodness of Fit (%) 75.44 83.76 72.85 
4. Conclusion 
It is practicable to forecast stage, optimize pump operation and simulate inundation analysis in real time through 
the methodologies suggested in this study. This study can greatly contribute to the establishment of disaster 
information map that prevent and mitigate inundation in urban drainage area. 
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